Factor Xa (fXa) inhibitors are becoming more common in clinical practice due to a variety of reasons. Unfortunately, limited data are currently available on the safe and efficacious reversal of these agents. This series presents 3 patient cases of intracranial hemorrhage and illustrates the observed effect of different methodologies undertaken in an attempt to reverse the fXa inhibitors implicated. Additionally, a brief review of the current available literature in reversal strategies is provided. The appropriate reversal for fXa inhibitors at this time is unknown. The cases described indicate that the administration of fresh frozen plasma and 4-factor prothrombin complex concentrate may provide minimal benefit in reversing the coagulation abnormalities caused by fXa inhibitors. However, in a life-threatening situation, the addition of these agents should be considered to prevent further progression of the bleed.
Factor Xa (fXa) inhibitors are becoming more common in clinical practice due to a variety of reasons. Unfortunately, limited data are currently available on the safe and efficacious reversal of these agents. This series presents 3 patient cases of intracranial hemorrhage and illustrates the observed effect of different methodologies undertaken in an attempt to reverse the fXa inhibitors implicated. Additionally, a brief review of the current available literature in reversal strategies is provided. The appropriate reversal for fXa inhibitors at this time is unknown. The cases described indicate that the administration of fresh frozen plasma and 4-factor prothrombin complex concentrate may provide minimal benefit in reversing the coagulation abnormalities caused by fXa inhibitors. However, in a life-threatening situation, the addition of these agents should be considered to prevent further progression of the bleed. I n the past decade, the introduction of novel anticoagulants has provided new options to physicians and patients for the prevention of thromboembolic diseases. Warfarin was the only oral medication available for over 50 years. Warfarin has marked limitations, including frequent monitoring, numerous drug-drug and drug-dietary interactions, slow onset of action, and narrow therapeutic window. 1 These limitations have led to the development of new oral anticoagulants. Apixaban, rivaroxaban, and edoxaban are oral factor Xa (fXa) inhibitors approved by the US Food and Drug Administration (FDA) for stroke prevention in nonvalvular atrial fibrillation (AF), postoperative deep vein thrombosis (DVT), thromboprophylaxis, and DVT and pulmonary embolism (PE) treatment. 2, 3 Many of the limitations associated with warfarin are overcome by fXa inhibitors. In clinical trials, fXa inhibitors were associated with decreased rates of intracranial hemorrhage in comparison to warfarin. 4, 5 A reduction in hemorrhagic complications and attractive pharmacokinetics has led to increased prescribing by practitioners.
A major limitation to fXa inhibitors is their inability to quickly and successfully reverse the effect of anticoagulation in an acute life-threatening hemorrhage. As prescribing of these agents increases, hemorrhagic events are likely to become more common. Minimal guidance is available on the safe and efficacious reversal of these agents. Research is ongoing in an attempt to find an effective reversal agent. 6 This series presents 3 patient cases of intracranial hemorrhage and illustrates the observed effect of different methodologies undertaken in an attempt to reverse the fXa inhibitors implicated.
prior to ED admission. The patient had a history of paroxysmal AF/flutter, coronary artery disease (CAD) with stent placement 4 months prior, chronic obstructive pulmonary disease (COPD), hypertension, dyslipidemia, and osteoarthritis. His home medications included rivaroxaban 20 mg daily (last dose was taken 25 hours prior to presentation), aspirin 81 mg daily, amiodarone, metoprolol, pravastatin, and inhaled corticosteroids and bronchodilators.
The initial neurologic examination showed sluggish extraocular movements and some loss of visual field to the lateral right and inner upper left eye. Head CT showed an acute 3.5 cm intraparenchymal hematoma at the junction of occipital and parietal lobes with localized mass effect and no significant midline shift. EKG showed a sinus arrhythmia, and vital signs were stable. Hematologic labs upon presentation are listed in Table 1 , and serum creatinine was 1.5, which is elevated from the patient's baseline of 1.0. The patient received fluids and was transferred to the tertiary care hospital. He arrived 3.5 hours after initial presentation to the rural ED.
Upon hospital admission, the patient received 2 units of fresh frozen plasma (FFP) at 2244. No surgical intervention was performed. Hematologic labs after FFP administration are listed in Table 1 ; however prothrombin time (PT)/international normalized ratio (INR) was not rechecked after FFP was given or again during the patient's hospital stay. On day 2 of hospitalization, the patient had an MRI at 1100, approximately 12 hours after administration of FFP. It showed no change in hematoma size or degree of mass effect and had no findings to suggest underlying causes of bleeding including neoplasm, vascular malformation, or ischemic infarct with hemorrhagic transformation. Neurologic exam was stable and serum creatinine improved to 1.3. On day 3, the patient was noted to have increased confusion and disorientation; he experienced a witnessed 45-second seizure, after which he was aphasic. A repeat head CT showed no change in hematoma size or mass effect. The patient was treated with antiepileptics and had no seizure recurrence. A dexamethasone taper was started for cerebral edema. On day 4, the patient's confusion, disorientation, and aphasia had improved, and he was discharged to inpatient rehabilitation with some slowness of thought and actions, mild gait instability, and the need for minimal assistance with activities of daily living. After 10 days in rehab, the patient was discharged to home and anticoagulation was not resumed.
CASE 2
An 84-year-old male presented to a rural ED at approximately 1700 via ambulance due to acute onset of neurological deficits including difficulty speaking and confusion. A stat head CT was obtained and showed a large left-sided intracerebral hemorrhage measuring 7.3 cm x 5.2 cm. The patient was intubated and transferred to Avera McKennan Hospital via ambulance for further evaluation and care. The patient's past medical history included AF, recent DVT/PE, COPD, hypertension, dyslipidemia, and CAD. He was taking rivaroxaban 20 mg daily (timing of last dose unknown), aspirin 81 mg daily, amiodarone, simvastatin, carvedilol, and an inhaled anticholinergic.
The patient was directly admitted to the intensive care unit (ICU), and initial neurologic exam showed some withdrawal to pain on the left side, upper extremity posturing, facial weakness on the right side, increased deep tendon reflexes, and a Babinski sign on the right. According to neurosurgery, the patient was not a surgical candidate due to his recent use of rivaroxaban. Baseline pertinent labs are shown in Table 1 . The patient had a normal EKG and was hypertensive with a blood pressure of 190/96 mm Hg. He received 2,885 units of 4-factor prothrombin complex concentration (4-FPCC) at 2019, which was approximately 39 IU/kg. A lower dose than planned was given, because the hospital had an insufficient supply of available medication.
The patient was started on a nicardipine infusion and intravenous pushes of hydralazine to maintain systolic blood pressures between 150 and 165 mm Hg. After administration of 4-FPCC, the patient's coagulation abnormality was not fully reversed, which is evident by the repeat labs shown in Table 1 .
On day 2 at 0900, a repeat CT without contrast was completed approximately 9.5 hours after 4-FPCC administration. The CT revealed an enlarged intraparenchymal hematoma measuring 8.9 cm x 6.5 cm with evidence of an increase in edema and midline shift. Additionally, more blood was noted in the ventricles and subarachnoid space. Neurologically the patient only responded to localized pain and was noted to have nonpurposeful movements while on no sedative or analgesic medications. The patient spiked a fever of 101.3°F and was started on piperacillin/ tazobactam for possible aspiration pneumonia.
Over the next few days, the patient's status varied insignificantly. He remained intubated with ventilator support and neurologically showed no improvement. On day 5 of hospitalization, the patient's home medications of carvedilol and amiodarone were restarted for blood pressure and heart rate control. On day 6, piperacillin/tazobactam was de-escalated to ceftriaxone to complete a 7-day course of antibiotic therapy. Ventilator support was withdrawn on day 11, and the patient expired approximately 8 hours later.
CASE 3
A 78-year-old male was seen in the ED at 1700 with complaints of an acute worsening headache, right facial droop, slurring of speech, and acute confusion since approximately 1300. The patient had fallen about a week before and sustained trauma to his head, but did not seek medical attention at that time.
Past medical history was significant for ischemic stroke 8 months prior, diabetes mellitus type II, benign prostatic hyperplasia, hypertension, and dyslipidemia. Pertinent home medications included apixaban 5 mg twice daily (last reported dose was morning of admission), amlodipine, pravastatin, dexlansoprazole, dutaseteride-tamsulosin, lisinopril, loratidine, and glipizide-metformin.
The patient's initial neurologic exam revealed that the patient was awake but lethargic and not orientated to person, place, or time. The patient also had some receptive aphasia. The disorientation did improve within approximately 2 hours of presentation. The patient had a stat head CT at 1704, which revealed a subdural hematoma measuring about 1.7 cm at the thickest area and a subfacline shift to the right measuring approximately 8 to 9 mm. It was determined that there was likely a chronic subdural hematoma with more recent acute intracranial hemorrhage. The patient had an EKG that showed sinus rhythm and all vital signs were normal. Baseline pertinent labs are found in Table 1 . At 1949, the patient received 2 units of FFP followed by 3,979 units of 4-FPCC at 2154, which was approximately 45 IU/kg. The 4-FPCC dose was rounded to nearest vial size in accordance with hospital procedure. The patient was transferred to the ICU and started on seizure prophylaxis with levetiracetam and 1.5% sodium chloride infusion to reduce brain swelling. Repeat labs were drawn after administration of both FFP and 4-FPCC and are shown in Table 1 . The neurosurgeon decided surgery would occur approximately 48 hours after the last known dose of apixaban.
A repeat head CT at 0500 the next day, approximately 9 hours after FFP administration and 7 hours after 4-FPCC administration, was stable overall with a possible slight increase in size of the parfalcine subdural hematoma. The patient continued to have no neurological symptoms at that time.
On hospital day 3, the patient was taken to the operating room for a 2 left burr hole washout of the subdural hematoma at 0835, approximately 48 hours after the last reported dose of apixaban. Notably, the patient's PT was prolonged at 14.8 seconds after normalizing the previous day. After surgery, patient became aphasic, disorientated, and encephalopathic. On hospital day 4, the patient became more lethargic and required intubation for respiratory support. Notably, the PT was more prolonged at 16 seconds this day. The patient remained intubated for 4 days and was successfully extubated and placed on nasal canula on day 9.
On day 20, the patient was discharged to a skilled nursing facility for further physical and occupation therapy. The patient's remaining complication was residual dysphasgia. No anticoagulation was resumed upon discharge.
DISCUSSION Factor Xa Inhibitor Dosing
Apixaban and rivaroxaban exert their antithrombotic activities through inhibition of fXa, which is part of the intrinsic and extrinsic clotting cascade. This inhibition leads to a decrease in fibrin clot formation and decreased platelet activation and aggregation. FXa inhibitors have a predictable phar-macokinetic/pharmacodynamic dose response and require dose adjustments based on specific patient characteristics. Apixaban requires a dose reduction to 2.5 mg twice daily if a patient meets 2 of the 3 following criteria: age 80 years old or older, body weight less than or equal to 60 kg, or a serum creatinine greater than or equal to 1.5. Rivaroxaban dose adjustments are indication specific. It is not recommended for use in the treatment of DVT/PE in patients with a CrCl less than 30 mL/min. In nonvalvular AF, the recommended dose adjustment in patients with an estimated CrCl of 15 to 50 mL/min is 15 mg once daily; its use should be avoided in patients with a CrCl less than 15 mL/min. 2, 3 One of the advantages of the fXa inhibitors is the minimal drug interaction in comparison to warfarin. However, both apixaban and rivaroxaban carry the warning of drug interactions with CYP3A4 strong inducers and p-glycoprotein (P-gp) inhibitors. Specifically, rivaroxaban was found to have an increased area under the curve (AUC) in patients receiving a P-gp inhibitor with mild renal dysfunction (CrCl <80 mL/min). 2 Another noteworthy drug interaction occurs with the addition of aspirin to fXa inhibitors. This drug combination has been shown in clinical trials to be associated with an increased risk of bleeding. 4, 7, 8 Of the patients presented in this case series, cases 1 and 2 had 2 interacting medications, amiodarone and aspirin. These drug-drug interactions may have placed these 2 patients at a higher risk of bleeding while on rivaroxaban. Additionally, patient 1 was experiencing acute kidney injury and had a CrCl less than 50 mL/min, which would necessitate a dose adjustment from 20 mg daily to 15 mg daily.
Monitoring of Biological Activity
Routine monitoring of plasma levels is not currently indicated for the oral fXa inhibitors due to the predictive dose response and minimal drug and food interactions. For this reason, specific assays were not originally developed to detect therapeutic plasma levels of these medications. However, when patients present with a hemorrhage or suspected toxic ingestion, laboratory monitoring may be helpful in detecting the presence of these medications. Due to the short half life of the fXa inhibitors (7-11 hours for rivaroxaban and 8-14 hours for apixaban), the timing of the last dose is important. The effect on the coagulation assay will likely be minimal when the drug is at its trough state, which is approximately 12 to 24 hours after the last dose. 9, 10 The monitoring of the PT is the most widely used coagulation assay in correlating rivaroxaban plasma levels. The activated partial thromboplastin time (aPTT) shows a dose-dependent prolongation of clotting times but is limited, as the correlation is lost in the presence of higher rivaroxaban concentrations. Apixaban is best detected by using a modified PT, which is performed by diluting the reagent. Recently, the development of a specific anti-Xa (aXa) chromogenic assay has been appropriately calibrated for the monitoring of rivaroxaban and apixaban. Unfortunately, this test is not currently available in many clinical practices. 9, 11 
Factor Xa Inhibitor Reversal
Although apixaban and rivaroxaban demonstrated lower rates of intracranial hemorrhage in comparison to warfarin, this adverse event still occurs and has potentially fatal outcomes. 4, 5 Specific reversal agents and guideline recommendations exist for warfarin reversal, but a major disadvantage when using the fXa inhibitors implicated in this case series is the absence of an available antidote when urgent or emergent reversal is necessary. 1 Appropriate initial management of the intracranial hemorrhage includes general supportive measures such as discontinuation of the offending agent, fluid resuscitation, red blood cell transfusion, and early referral for mechanical or surgical intervention. Another consideration may be the administration of activated charcoal, as this was found to lower the concentration of apixaban when given within 6 hours post dose in healthy volunteers. 12 However, none of these supportive therapies target the underlying mechanism of action for fXa inhibitors.
fXa inhibitors act to reversibly and competitively block activated factor X, therefore supportive care with FFP can be used to provide hemodynamic support in the event of a massive hemorrhage but will be unlikely to reverse the medication's anticoagulant effect. No clinical data currently exist that evaluate the effect of FFP on the anticoagulant activity of rivaroxaban or apixaban.
PCCs, activated or inactivated, theoretically could reverse the anticoagulant effects of fXa inhibitors; they contain high concentrations of factors II, IX, and X, as well as factor VII in 4-FPCC and activated PCC (aPCC) and thus can promote thrombin formation. 13 Recombinant activated factor VII (rFVIIa) may also be able to reverse the effects of fXa inhibitors. Data are limited on the use of these factor concentrates to reverse major or life-threatening bleeding associated with fXa inhibitors, particularly in humans. A follow-up analysis of major bleeding events in the ROCKET AF trial showed limited use of FFP and use of PCC in only 4 bleeding episodes associated with rivaroxaban anticoagulation. 14 Further data in human subjects are confined to evaluations of the efficacy of PCCs to reverse rivaroxaban-induced anticoagulation. A randomized, double-blind, placebo-controlled crossover study of 12 healthy male volunteers evaluated the efficacy of 4-FPCC in the reversal of anticoagulation with rivaroxaban, as indicated by PT and endogenous thrombin potential (ETP). 15 PCC at a dose of 50 IU/kg completely reversed the anticoagulant effect of rivaroxaban, which occurred immediately after PCC infusion and was sustained at 6 and 24 hours. An openlabel, single-center, parallel group study compared the efficacy of 3-factor PCC (3-FPCC) compared to 4-FPCC (50 IU/kg) or saline in reversal of rivaroxaban-induced elevations in PT and thrombin generation (TG) in 35 healthy volunteers. 16 4-FPCC reduced PT to a greater extent than 3-FPCC (2.5-3.5 seconds vs 0.6-1 second), whereas 3-FPCC was more effective at reversing alterations in TG than 4-FPCC.
Kasliwal et al recently published a case report of an elderly patient who developed an intracranial hemorrhage while on rivaroxaban for AF, with the last dose of the anticoagulant taken 12 hours prior to onset of neurologic symptoms. 17 The patient was treated with aPCC (FEIBA [factor eight inhibitor bypassing activity]) 30 IU/kg, with repeat head CT at 24 hours showing no expansion of hematoma and no worsening of neurologic status. No neurosurgical intervention was performed. Final disposition was discharge to home.
Additional data on the use of PCCs, as well as rFVIIa, exist in ex vivo human studies and in animal models; most of these studies target reversal of anticoagulation parameters such as PT, TG, and ETP as primary endpoints. [18] [19] [20] [21] [22] [23] [24] [25] [26] These studies have used a variety of doses of PCC, aPCC, and rFVIIa, often at doses much higher than would be typically used in clinical practice. An ex vivo study found a dosedependent reversal of ETP with PCC and aPCC, with higher doses reversing to overcorrection. 18 The changes seen with PCC and aPCC were greater than when using rFVIIa. Another in vitro study found PCC, aPCC, and rFVIIa were all effective in reversing rivaroxaban-induced anticoagulation, but it found that the efficacy of each agent varied based on the anticoagulation parameter assessed. 19 An in vitro study of reversal of apixaban anticoagulation utilizing circulating human blood found PCC to be less effective than aPCC or rFVIIa in reversing TG and prolonged clotting time, although doses of aPCC and rFVIIa were higher than used in clinical practice. 20 A major limitation of applying in vitro studies is that the extravascular redistribution of the medications is not represented. When the intravascular drug is removed or antagonized, the extravascular drug may redistribute. Therefore, the administration of an antidote would need to account for the amount of drug present in the extravascular tissue. 27 Only animal studies have analyzed the effect of factor concentrates on bleeding outcomes. A study of PCC, FFP, and rFVIIa in mice with supratherapeutic rivaroxaban levels found that all agents significantly reduced hematoma expansion, although very high doses of PCC and rFVIIa were utilized. 22 The magnitude of effect of PCC on hematoma expansion and neurologic improvement was dose-dependent.
With the overall heterogeneity of existing data and a particular lack of human data, notably data in bleeding humans, the best approach for emergent reversal of anticoagulation due to fXa inhibitors remains unclear. PCC, aPCC, and rFVIIa have each demonstrated some efficacy, although at a wide range of doses. Published data on the efficacy of these reversal agents at various doses are outlined in Table 2 . The risk of using these factor concentrates should not be overlooked, as each (particularly rFVIIa) has been associated with thromboembolic events in a dose-dependent fashion. 28, 29 The specific thromboembolic risk associated with each factor product in a patient population requiring anticoagulation at baseline remains undefined.
A novel reversal agent for fXa inhibitors, andexanet alfa, is currently in phase 3 studies and appears to be a promising option for emergent reversal of fXa inhibitor activity. 6 This recombinant protein is structurally similar to native fXa and binds to fXa inhibitors in the blood, preventing inhibition of native Xa activity. Recently announced findings from the first phase 3 trial in 33 subjects receiving apixaban indicate rapid normalization of fXa and thrombin levels with a bolus dose of andexanet alfa; this effect lasted for 1 to 2 hours without administration of a maintenance infusion. Studies with a maintenance infusion and in patients on rivaroxaban are underway. 6
Case Review
Due to the lack of a consistent approach used in each patient case, it is difficult to determine a relationship between FFP and PCC administration and efficacious reversal of the oral fXa inhibitors. However, each patient had an initial and follow-up CT to determine whether these agents may have been helpful in stabilizing or reversing the effect of the fXa inhibitors. In addition, labs are presented in Table 1 to show the effect of FFP and/or PCC on the measured coagulation parameters.
When reviewing the 3 patient cases outlined in this article, it appears that reversal and stabilization of the bleed occurred in 2 patients (cases 1 and 3), although this occurred when minimal amounts of the drug would be assumed to be present due to the timing of the last dose and minimal coagulation abnormalities observed upon initial presentation. For this reason, it is difficult to determine whether the addition of the FFP and/or 4-FPCC contributed to the patients' favorable outcome. The patient in case 1 had no prolongation of the coagulation parameters at presentation and no labs were repeated. The patient in case 3 had only a slightly prolonged PT, which arguably is not sensitive to apixaban that normalized after administration of FFP and 4-FPCC. However, repeat PTs in this patient were slightly prolonged on day 3 and 4 of hospital stay without administration of an anticoagulant. Neither patient had significant progression of the intracranial hemorrhage on repeat CT. The administration of these reversal agents may have contributed to this if in fact some fXa inhibitor activity was still present. In contrast, the patient in case 2 experienced a poor outcome and was the sole patient who had coagulation abnormalities present upon admission. The administration of 4-FPCC alone did not stop progression of the bleed as evident on the repeat CT scan nor did it fully reverse the coagulation abnormalities. Whether this was due to the severity of the bleed or the efficacy, or lack thereof, of 4-PCC itself cannot clearly be determined.
CONClUSION
No guidelines currently exist for the reversal of fXa inhibitors, and a review of existing literature provides limited insight on how to manage these patients when they present with an intracranial bleed. The studies currently available were conducted in animal models or healthy human volunteers, which has significant limitations when these data are extrapolated to management of life-threatening hemorrhages.
The cases described indicate that the administration of FFP and 4-FPCC may provide minimal benefit in reversing the coagulation abnormalities caused by fXa inhibitors. However, in patients presenting with a life-threatening intracranial hemorrhage, the administration of these products should still be considered to prevent further progression of the bleed, Cardiovascular Therapeutics 
